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(54) Diaphragm for speaker and manufacturing method therefor

(57) A diaphragm for use in a speaker is manufac-
tured using a plurality of thin wooden boards having flat
rectangular shapes. The thin wooden boards are impreg-
nated with a resin; then, a plurality of cutouts, which are
elongated along wooden fiber directions or which are
elongated in directions crossing wooden fiber directions,
are formed in the thin wooden boards. Instead of the cut-
outs, it is possible to form a plurality of folded portions
elongated in directions crossing wooden fiber directions.

The thin wooden boards are integrally laminated together
in such a way that the wooden fiber directions thereof
mutually cross with a prescribed angle therebetween.
The thin wooden boards integrally laminated together are
subjected to thermal pressing so as to form a wooden
vibrator serving as the diaphragm. Thus, it is possible to
easily produce the diaphragm having a high strength and
superior acoustic characteristics without causing de-
fects.
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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to diaphragms for
speakers and manufacturing methods therefor.
[0002] This application claims priority on Japanese
Patent Application No. 2006-185712, the content of
which is incorporated herein by reference.

Description of the Related Art

[0003] According to the conventionally-known manu-
facturing methods, thin wooden boards are subjected to
press working or molding so as to produce diaphragms
for use in speakers. Japanese Unexamined Patent Ap-
plication Publication No. H06-178386 teaches that a sin-
gle sheet of a thin wooden board is subjected to press
working so as to produce a diaphragm, or plural sheets
of thin wooden boards are laminated together and are
then subjected to press working so as to produce a dia-
phragm. It also teaches that a thin wooden board is
formed in a cone shape in advance and is then subjected
to press working so as to produce a diaphragm.
[0004] Japanese Unexamined Patent Application
Publication No. 2004-254013 teaches that a thin wooden
board having a V-shaped cutout is prepared in advance;
the thin wooden board is softened by way of the addition
of water thereto; opposite sides along the V-shaped cut-
out are adhered together by way of primary pressing; the
thin wooden board after the primary pressing is impreg-
nated with a thermosetting resin; then, the thin wooden
board impregnated with the thermosetting resin is sub-
jected to secondary pressing so as to produce a dia-
phragm.
[0005] In general, thin wooden boards are easily bro-
ken or split along the grains thereof during press working
or molding. For this reason, in the manufacturing method
taught in Japanese Unexamined Patent Application Pub-
lication No. H06-178386, the thin wooden board is sub-
jected to steaming prior to molding, or it is subjected to
boiling using an alkali solution prior to molding, thus mak-
ing the thin wooden board have flexibility, whereby it is
possible to control the occurrence of cracks during the
molding. It is necessary that the diaphragm formed by
way of press working be subjected to treatment in order
to improve the durability thereof. Therefore, a coat of ure-
thane varnish is applied to the thin wooden board after
press working. However, the aforementioned manufac-
turing method is complex because it needs various proc-
esses before or after the press working.
[0006] The manufacturing method taught in Japanese
Unexamined Patent Application Publication No.
2004-254013 is also complex because it performs press
working twice. Since the opposite sides of the V-shaped
cutout of the thin wooden board are adhered together,

directions of the grains greatly change at the boundary
of the adhered portion. This causes irregularity in terms
of directions of the grains in the diaphragm, which in turn
degrades the acoustic characteristics of the diaphragm
or which in turn causes cracks in the diaphragm along
specific directions. In addition, the adhered portion is
slightly increased in thickness compared with the thick-
ness of the other portion of the diaphragm. That is, the
diaphragm suffers from irregularity in terms of the thick-
ness, which in turn degrades the acoustic characteristics
thereof.

SUMMARY OF THE INVENTION

[0007] It is an object of the present invention to provide
a diaphragm for use in a speaker, which is produced by
way of a simple manufacturing method without causing
defects during press working.
[0008] It is another object of the present invention to
provide a diaphragm for use in a speaker, which is im-
proved in strength and acoustic characteristics.
[0009] In a first aspect of the present invention, a dia-
phragm for use in a speaker includes a wooden vibrator
that is formed using a plurality of thin wooden boards,
which are impregnated with a resin and are integrally
laminated together in a laminated structure having a
curved shape, and a plurality of high density portions that
are elongated in a radial direction from the center to the
periphery of the wooden vibrator, wherein the wooden
vibrator has a uniformly distributed thickness. Herein, the
high density portion in a plan view is formed in a band-
like shape, a wedge-like shape, or a sectorial shape; and
the width of the high density portion in a plan view is
gradually increased in the direction from the center to the
periphery of the wooden vibrator.
[0010] In the above, the resin is selected from among
an epoxy resin, urethane resin, polyester resin, and acryl-
ic resin. The resin content of the wooden vibrator ranges
from 10 weight-percent to 70 weight-percent. In addition,
coloring such as dye or pigment is applied to the wooden
vibrator as necessary. Furthermore, the thickness of the
wooden vibrator ranges from 0.2 mm to 0.7 mm.
[0011] The wooden fiber directions of the thin wooden
boards integrally laminated together mutually cross with
prescribed angles therebetween. For example, the
wooden fiber directions of three or more thin wooden
boards respectively cross with the same angle therebe-
tween. When N thin wooden boards (where "N" is an
integer not less than two) are laminated together, the
wooden fiber directions thereof respectively cross with
an angle of 360/2N degrees therebetween.
[0012] As described above, since the wooden vibrator
forming the diaphragm has the uniformly distributed
thickness irrespective of the formation of the high density
portions, it is possible to improve the acoustic character-
istics. The wooden vibrator is reinforced by means of the
high density portions and is thus increased in the me-
chanical strength thereof; hence, it is possible to increase
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the degree of freedom in design. Since the rigidity of the
wooden vibrator is increased by means of the high den-
sity portions, it is possible to improve the durability of the
diaphragm against high input signals. Since the thin
wooden boards forming the wooden vibrator are impreg-
nated with a resin, it is possible to increase the strength
of the wooden vibrator and to avoid the degradation due
to aging. Since the wooden fiber directions mutually cross
with prescribed angles therebetween, it is possible to fur-
ther increase the strength of the wooden vibrator.
[0013] In a second aspect of the present invention, a
diaphragm for use in a speaker is manufactured by way
of impregnating a plurality of thin wooden boards having
flat rectangular shapes with a resin, forming a plurality
of cutouts, which are elongated in directions along or
crossing wooden fiber directions, in each of the thin
wooden boards, integrally laminating the thin wooden
boards together in such a way that the wooden fiber di-
rections thereof cross each other, and performing ther-
mal pressing on the thin wooden boards integrally lami-
nated together so as to form a wooden vibrator serving
as the diaphragm. Herein, the cutouts are each elongated
in a direction from the periphery to the center of the thin
wooden board. In addition, the thin wooden boards are
subjected to thermal pressing after the opposite sides of
the cutouts thereof are respectively connected together.
Instead of the cutouts, it is possible to form a plurality of
folded portions, which are elongated in directions along
or crossing wooden fiber directions, in each of the thin
wooden boards. Herein, the folded portions are each
elongated in a direction from the periphery to the center
of the thin wooden board. Furthermore, the thin wooden
boards are integrally laminated together in such a way
that the wooden fiber directions thereof lie along or mu-
tually cross each other. Incidentally, the process for form-
ing the cutouts or folded portions can be performed be-
fore the process for impregnating the thin wooden board
with a resin solution.
[0014] According to the aforementioned manufactur-
ing method, the thin wooden boards are impregnated with
a resin in advance and are then subjected to thermal
pressing. This causes the thin wooden boards to slip on
each other during the thermal pressing; hence, it is pos-
sible to improve the formability of the wooden vibrator.
Since the opposite sides of the cutouts are connected
together during the thermal pressing, it is possible to eas-
ily form the high density portions, and it is possible to
reduce the difference of thickness between the high den-
sity portions and the other portions; that is, it is possible
to realize the diaphragm having a uniformly distributed
thickness. When the cutouts are formed along the wood-
en fiber directions, it is possible to improve the strength
of the diaphragm because the wooden fibers of the thin
wooden boards are not broken by the cutouts. When the
cutouts are formed in directions crossing the wooden fib-
er directions, the wooden fibers are partially broken so
that the wooden fiber lengths are shortened, thus in-
creasing the flexibility of the thin wooden boards. That

is, it is possible to further improve the formability of the
diaphragm. Since the thin wooden boards are increased
in flexibility, it is possible to easily produce any types of
diaphragms each having a relatively small radius of cur-
vature. Since the cutouts are each formed in the direction
from the periphery to the center of the thin wooden board,
it is possible to form the high density portions elongated
from the center of the wooden vibrator in a radial manner.
[0015] In addition, since the thermal pressing is per-
formed after the opposite sides of the cutouts are con-
nected together, it is possible to reliably form the high
density portions. By connecting together the opposite
sides of the cutouts, the thin wooden boards are each
formed in a curved shape having a certain curvature. This
greatly reduces the amount of deformation of the thin
wooden boards during the thermal pressing; hence, it is
possible to avoid the occurrence of cracks. Since the thin
wooden boards are laminated together in such a way that
the wooden fiber directions thereof cross each other, it
is possible to further increase the strength of the dia-
phragm.
[0016] When, instead of the cutouts, the folded por-
tions are formed in the thin wooden boards, it is possible
to easily form the high density portions by way of thermal
pressing. Since the folded portions are each formed in
the direction from the periphery to the center of the thin
wooden board, it is possible to form the high density por-
tions elongated from the center of the wooden vibrator
in a radial manner.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] These and other objects, aspects, and embod-
iments of the present invention will be described in more
detail with reference to the following drawings, in which:

FIG. 1 is a cross-sectional view showing a speaker
equipped with a diaphragm in accordance with a pre-
ferred embodiment of the present invention;
FIG. 2 is a plan view showing the diaphragm of the
speaker;
FIG. 3 is a cross-sectional view taken along line A-
A in FIG. 2;
FIG. 4A is a plan view for explaining a first step of a
first manufacturing method of the diaphragm;
FIG. 4B is a plan view for explaining a second step
of the first manufacturing method of the diaphragm;
FIG. 4C is a plan view for explaining a third step of
the first manufacturing method of the diaphragm;
FIG. 4D is a plan view for explaining a fourth step of
the first manufacturing method of the diaphragm;
FIG. 5A is a cross-sectional view for explaining a fifth
step of the first manufacturing method of the dia-
phragm;
FIG. 5B is a plan view for explaining a sixth step of
the first manufacturing method of the diaphragm;
FIG. 6A is a plan view for explaining a first step of a
second manufacturing method of the diaphragm;
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FIG. 6B is a plan view for explaining a second step
of the second manufacturing method of the dia-
phragm;
FIG. 6C is a plan view for explaining a third step of
the second manufacturing method of the diaphragm;
FIG. 6D is a plan view for explaining a fourth step of
the second manufacturing method of the diaphragm;
FIG. 6E is a plan view showing a variation of a thin
wooden board having cutouts for use of the manu-
facturing of the diaphragm;
FIG. 7A is a plan view for explaining a first step of a
third manufacturing method of the diaphragm;
FIG. 7B is a plan view for explaining a second step
of the third manufacturing method of the diaphragm;
FIG. 7C is a plan view for explaining a third step of
the third manufacturing method of the diaphragm;
FIG. 7D is a plan view for explaining a fourth step of
the third manufacturing method of the diaphragm;
FIG. 7E is a plan view showing a variation of a thin
wooden board having a plurality of folded portions
for use in the manufacturing of the diaphragm; and
FIG. 7F is a plan view showing another variation of
the thin wooden board having a plurality of folded
portions for use in the manufacturing of the dia-
phragm.

DESCRIPTION OF THE PREFERRED EMBODIMENT

[0018] The present invention will be described in fur-
ther detail by way of examples with reference to the ac-
companying drawings, which are diagrammatically illus-
trated with sizes and dimensions not necessarily match-
ing actual sizes and dimensions of products.

1. Diaphragm for speaker

[0019] FIG. 1 is a cross-sectional view showing a
speaker equipped with a diaphragm in accordance with
a preferred embodiment of the present invention. FIG. 2
is a plan view showing the diaphragm of the speaker;
and FIG. 3 is cross-sectional view taken along line A-A
in FIG. 2.
[0020] The speaker shown in FIG. 1 includes a dia-
phragm 1, a center cap 2, a voice coil 4, a collar (or an
edge member) 5, a frame 6, and a magnet 7.
[0021] The diaphragm 1 is composed of a wooden vi-
brator having a cone shape, which is enlarged in diameter
externally, wherein the voice coil 4 is attached to a small-
diameter end of the diaphragm 1, and a large-diameter
periphery of the diaphragm 1 joins the frame 6 via the
collar 5.
[0022] The center cap 2 is composed of a wooden vi-
brator having a semi-spherical shape that projects out-
wardly so as to cover the cylindrical portion (or a center
pole) of the magnet 7 inserted into the voice coil 4 in a
non-contact manner. The center cap 2 is attached to the
small-diameter end of the diaphragm 1.
[0023] A damper (not shown) is additionally arranged

between the small-diameter end of the diaphragm 1 and
the frame 6 so as to prevent lateral vibration. A wiring of
the voice coil 4 is extended toward a terminal (not shown)
formed at the small-diameter end of the diaphragm 1;
hence, the wiring of the voice coil 4 is extracted onto the
frame 6 via the terminal.
[0024] In the speaker of FIG. 1, the diaphragm 1 is
designed to convert a large part of vibration generated
by the voice coil 4 into sound. The center cap 2 emits
sound ranging from intermediate frequencies to high fre-
quencies so as to improve frequency characteristics and
sound emission characteristics of the speaker.
[0025] More specifically, as shown in FIG. 2, the dia-
phragm 1 is composed of a wooden vibrator 11, in which
plural sheets of thin wooden boards impregnated with a
resin are laminated together and are subjected to thermal
pressing into a curved shape. In other words, the wooden
vibrator 11 is composed of the resin and the wooden
material forming thin wooden boards, which are formed
in a curved shape.
[0026] It is possible to list various wooden materials
for use in the formation of the thin wooden boards forming
the wooden vibrator 11, such as birch, linden, beech,
oak, cherry, spruce, maple, walnut, cedar, hinoki, red ce-
dar, agatized wood, horse chestnut, elm, zelkova, and
sapele. It is possible to list various resin materials im-
pregnated into the thin wooden boards, such as an epoxy
resin, urethane resin, polyester resin, and acrylic resin.
Due to the resin impregnation, it is possible to improve
the formability during the press working, and it is possible
to avoid the degradation of the wooden vibrator 11.
[0027] It is preferable that the resin content of the
wooden vibrator 11 range from 10 weight-percent to 70
weight-percent. When the resin content is above 10
weight-percent, it is possible to improve the formability
and to avoid the degradation of the wooden vibrator 11.
When the resin content is below 70 weight-percent, it is
possible to improve the acoustic characteristics without
causing a reduction of the content of the wooden material
in the wooden vibrator 11.
[0028] A through-hole 11a is formed at the center of
the wooden vibrator 11. The center cap 2 (see FIG. 1) is
engaged with the through-hole 11a of the wooden vibra-
tor 11. A plurality of high density portions 12 are formed
and are elongated from the center to the periphery of the
wooden vibrator 11 in a radial manner. The high density
portions 12 are increased in the wooden density (i.e., the
density of the wooden material forming the wooden vi-
brator 11) in comparison with the other portions of the
wooden vibrator 11. It is preferable that the wooden den-
sity of the high density portions 12 be approximately 1.3
times higher than the wooden density of the other por-
tions in the wooden vibrator 11.
[0029] It is preferable that the high density portion 12
in a plan view be formed in a band-like shape, a wedge-
like shape, or a sectorial shape, for example. It is pref-
erable that the width of the high density portion 12 in a
plan view be gradually increased in a direction from the
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center to the periphery of the wooden vibrator 11. All of
the high density portions 12 in a plan view can be formed
in the same size; alternatively, the high density portions
12 can be formed in different sizes.
[0030] In FIG. 2, each of the high density portions 12
has a band-like shape whose width is gradually increased
in the direction from the center to the periphery of the
wooden vibrator 11. In other words, it has roughly a sec-
torial shape.
[0031] The high density portions 12 can be easily and
visually distinguished from the other portions in plan view
by horizontally viewing the wooden vibrator 11 that has
deep-colored portions and light-colored portions; that is,
the deep-colored portions of the wooden vibrator 11 can
be visually recognized as the high density portions 12.
[0032] When the wooden vibrator 11 having the high
density portions 12 is exposed to visible rays of light, it
is possible to recognize the distinction between the pre-
scribed portions having a relatively low light transmission
ratio and the other portions having a relatively high light
transmission ratio. That is, it is possible to recognize the
prescribed portions having a relatively low light transmis-
sion ratio as the high density portions 12.
[0033] The wooden vibrator 11 having the high density
portions 12 has a uniformly distributed thickness. In other
words, the thickness of the high density portions 12 is
substantially identical to the thickness of the other por-
tions in the wooden vibrator 11. It is preferable that the
thickness of the wooden vibrator 11 range from 0.2 mm
to 0.7 mm. When the thickness is above 0.2 mm, it is
unlikely to cause a reduction of the strength and rigidity
of the wooden vibrator 11. When the thickness is below
0.7 mm, the rigidity is not increased so much; hence, it
is possible to prevent the degradation of the acoustic
characteristics.
[0034] It is possible for the wooden vibrator 11 to in-
clude coloring in addition to the resin. It is possible to use
dye or pigment as the coloring.
[0035] It is preferable that the fiber directions of plural
thin wooden boards laminated together be crossed with
each other. For example, the fiber directions can be
crossed with the same angle therebetween. Suppose
that N thin wooden boards (where "N" is an integer not
less than two) are laminated together. In this case, the
fiber directions of the adjacently joined thin wooden
boards are crossed with an angle of 360/2N degrees.
[0036] Due to the lamination of the thin wooden boards
whose fiber directions cross each other, it is possible to
improve the uniformity of vibration in the wooden vibrator
11; hence, it is possible to improve the acoustic charac-
teristics. In addition, due to the mutually crossed fiber
directions of the thin wooden boards, it is possible to fur-
ther improve the mechanical strength of the wooden vi-
brator 11.
[0037] Due to the formation of the high density portions
12 in the wooden vibrator 11 adapted to the diaphragm
1, it is possible to realize fragmentarily different wooden
densities in the wooden vibrator 11, which in turn realizes

the distribution of natural resonance. Due to the distribu-
tion of natural resonance, it is unlikely to cause peaks in
high-frequency ranges due to natural resonance; hence,
it is possible to improve the acoustic characteristics.
[0038] In addition, the high density portions 12 rein-
force the wooden vibrator 11, the mechanical strength of
which is thus increased. Hence, it is possible to increase
the degree of freedom in designing the diaphragm 1.
Since the rigidity of the wooden vibrator 11 is increased
by means of the high density portions 12, it is possible
to reduce partial vibration, thus realizing relatively low
distortion in sound. In addition, it is possible to improve
the durability of the wooden vibrator 11 against high input
signals.
[0039] Furthermore, since the wooden vibrator 11 has
the uniformly distributed thickness irrespective of the for-
mation of the high density portions 12, it is possible to
design the speaker without consideration of detrimental
effects regarding a limit to audio frequencies in the re-
production of high tone pitches.
[0040] Since the wooden vibrator 11 is composed of
the thin wooden boards impregnated with the resin, it is
possible to further increase the strength of the wooden
vibrator 11 and to avoid degradation due to aging.
[0041] Since the fiber directions of the thin wooden
boards forming the wooden vibrator 11 cross each other
with prescribed angles therebetween, it is possible to fur-
ther increase the strength of the wooden vibrator 11
adapted to the diaphragm 1.

2. First manufacturing method of diaphragm

[0042] Next, a first manufacturing method of the dia-
phragm 1 will be described with reference to FIGS. 4A
to 4D and FIGS. 5A and 5B.
[0043] As shown in FIG. 4A, there is provided a thin
wooden board 21 having a flat rectangular shape in plan
view, the thickness of which ranges from 0.1 mm to 0.5
mm. A through-hole 21 a is formed at the center of the
thin wooden board 21. Dashed lines indicate wooden fib-
er lines along which the grains are aligned.
[0044] Next, the thin wooden board 21 having the
through-hole 21 a is impregnated with a resin. For exam-
ple, a resin is dissolved into a solvent so as to produce
a resin solution, into which the thin wooden board 21 is
soaked. Alternatively, the resin solution is sprayed or ap-
plied to the thin wooden board 21.
[0045] As the resin material, it is possible to list an
epoxy resin, urethane resin, polyester resin, and acrylic
resin. It is preferable that the resin content of the thin
wooden board 21 range from 10 weight-percent to 70
weight-percent.
[0046] Next, as shown in FIG. 4B, cutouts 22 are
formed at prescribed positions along the wooden fiber
directions of the thin wooden board 21. It is preferable
that two cutouts 22 be formed in directions from the pe-
riphery to the center of the thin wooden board 21. It is
preferable that the two cutouts 22 be formed symmetri-
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cally with each other in the thin wooden board 21.
[0047] Incidentally, the cutouts 22 can be formed in
the thin wooden board 21 after the thin wooden board 21
is impregnated with the resin solution.
[0048] Next, as shown in FIG. 4C, opposite sides 22a
of the cutouts 22 are connected together so as to form
connected portions 22b. In order to fix the connected
portions 22b, the connected portions 22b can be subject-
ed to thermal fusion; alternatively, the connected portions
22b can be fixed by use of a stapler (not shown), for
example. Due to the formation of the connected portions
22b, the thin wooden board 21 is slightly bent about the
through-hole 2 1 a with a certain curvature.
[0049] There are provided three sheets of the thin
wooden boards 21, each of which is produced by way of
the steps shown in FIGS. 4A to 4C. The three sheets of
the thin wooden boards 21 are laminated together as
shown in FIG. 4D such that the through-holes 21 a thereof
are vertically overlapped with each other. In the case of
FIG. 4D, the three sheets of the thin wooden boards 21
are laminated together such that the wooden fiber direc-
tions thereof are respectively crossed with an angle of
120° therebetween.
[0050] Next, as shown in FIG. 5A, there are provided
an upper mold 31 and a lower mold 32 having Nichrome
wires (i.e., wires composed of nickel-chromium alloys).
The three sheets of the thin wooden boards 21, which
are laminated together as shown in FIG. 4D, are arranged
between the upper mold 31 and the lower mold 32; then,
the upper mold 31 and the lower mold 32 are heated by
electrifying the Nichrome wires so that the three sheets
of the thin wooden boards 21 are subjected to thermal
pressing. The temperature of the upper mold 31 and the
lower mold 32 depends upon the resin impregnated into
the thin wooden boards 21, wherein, in the case of the
epoxy resin, it is preferable that the temperature range
from 100°C to 150°C. In addition, it is preferable that the
pressure applied to the thin wooden boards 21 sand-
wiched between the upper mold 31 and the lower mold
32 range from 0.1 Pa to 0.3 Pa. Herein, the heating tem-
perature should not be increased over 150°C because
the thin wooden boards 21 are burnt and changed in
color.
[0051] By way of the thermal pressing, the three sheets
of the thin wooden boards 21 are integrally laminated
together so as to form a laminated structure. Then, the
outer periphery of the laminated structure is partially cut
out along the dashed lines in FIG. 5B. Thus, it is possible
to produce the diaphragm 1 shown in FIGS. 2 and 3.
Herein, the through-holes 21a of the thin wooden boards
21 laminated together correspond to the through-hole
11a of the wooden vibrator 11; and the connected por-
tions 22b of the thin wooden boards 21 correspond to
the high density portions 12. It is preferable that, during
the cutting process of the outer periphery of the laminated
structure, the prescribed portions, in which two or more
sheets of the thin wooden boards 21 are laminated to-
gether, be left without being cut out. In the case of FIG.

5B, the prescribed portions of the laminated structure, in
which the three sheets of the thin wooden boards 21 are
laminated together, are left without being cut out.
[0052] According to the first manufacturing method of
the diaphragm 1, the thin wooden boards 21 are impreg-
nated with the resin in advance and are then laminated
together and subjected to thermal pressing. This makes
it possible for the prescribed portions of the thin wooden
boards 21 laminated together to easily slip on each other;
hence, it is possible to easily perform shaping of the thin
wooden boards 21, which are tightly held between the
upper mold 31 and the lower mold 32, without causing
wrinkles or unwanted lines. That is, the first manufactur-
ing method reliably improves the formability of the wood-
en vibrator 11.
[0053] The connected portions 22b of the thin wooden
boards 11 laminated together correspond to the high den-
sity portions 12; hence, it is possible to form the high
density portions 12 in a regular pattern.
[0054] Since the thin wooden boards 21 are easily sub-
jected to shaping without forming wrinkles or lines, it is
not possible to cause an irregular pattern of the high den-
sity portions 12, which may be caused due to the unwant-
ed formation of wrinkles or lines. This makes it possible
to produce the diaphragm 1 having superior acoustic
characteristics.
[0055] Since the thin wooden boards 21 are subjected
to thermal pressing after the opposite sides 22a of the
cutouts 22 thereof are connected together, it is possible
to reliably and precisely form the high density portions
12. Since the opposite sides 22a of the cutouts 22 are
connected together, it is possible to form the thin wooden
boards 21 having curved shapes, which in turn reduces
the amount of deformation applied to the thin wooden
boards 21 during the thermal pressing and which in turn
prevents the occurrence of cracks.
[0056] Since the thin wooden boards 21 are subjected
to thermal pressing after the opposite sides 22a of the
cutouts 22 are connected together, it is possible to reduce
the difference of thickness between the connected por-
tions 22b (corresponding to the high density portions 12),
at which the opposite sides 22a of the cutouts 22 of the
thin wooden boards 21 are connected together, and the
other portions; hence, it is possible to produce the dia-
phragm 1 having the uniformly distributed thickness.
[0057] Due to the formation of the plural cutouts 22
along the wooden fiber directions, it is possible to prevent
the wooden fibers of the thin wooden boards 21 from
being divided via the cutouts 22; hence, it is possible to
improve the strength of the diaphragm 1.
[0058] Since the cutouts 22 are formed in directions
from the center to the periphery of the thin wooden boards
21, it is possible to easily form the high density portions
12 extended in a radial direction.
[0059] Since the thin wooden boards 21 are laminated
together in such a way that the wooden fiber directions
thereof cross each other, it is possible to further improve
the strength of the diaphragm 1.
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[0060] In the first manufacturing method, the opposite
sides 22a of the cutouts 22 are connected together; the
cutouts 22 are fixed using the resin or stapler so as to
form the connected portions 22b; then, the thin wooden
boards 21 laminated together are subjected to thermal
pressing. However, it is possible to perform thermal
pressing without connecting the cutouts 22 of the thin
wooden boards 21. In this case, when the thin wooden
boards 21 laminated together are held between the upper
mold 31 and the lower mold 32, the opposite sides 22a
of the cutouts 22 are automatically connected together
so as to appropriately and easily shape them without
causing wrinkles or lines; hence, it is possible to form the
laminated structure in which the thin wooden boards 21
are laminated together and in which the high density por-
tions 12 are appropriately formed.

3. Second manufacturing method of diaphragm

[0061] Next, a second manufacturing method of the
diaphragm 1 will be described with reference to FIGS.
6A to 6D.
[0062] As shown in FIG. 6A, there is provided a thin
wooden board 41 having a flat rectangular shape in plan
view, in which a circular through-hole 41 a is formed at
the center thereof. Similar to the thin wooden board 21
shown in FIG. 4A, the thin wooden board 41 has grains
aligned along wooden fiber directions indicated by
dashed lines in FIG. 6A. The thin wooden board 41 is
impregnated with a resin.
[0063] Next, as shown in FIG. 6B, cutouts 42 are
formed at prescribed positions of the thin wooden board
41 in such a way that they are elongated in directions
crossing the wooden fiber directions. It is preferable that
two cutouts 42 be formed and each be elongated in the
direction from the periphery to the center of the thin wood-
en board 41. It is preferable that the two cutouts 42 be
formed symmetrically with each other. Incidentally, the
cutouts 42 can be formed in the thin wooden board 41
before the thin wooden board 41 is impregnated with the
resin.
[0064] Next, as shown in FIG. 6C, opposite sides 42a
of the cutouts 42 are connected together so as to form
connected portions 42b. The connected portions 42b can
be fixed using a resin. Due to the formation of the con-
nected portions 42b, the thin wooden board 41 is curved
about the through-hole 41a with a certain curvature.
[0065] There are provided three sheets of the thin
wooden boards 41, each of which is produced by way of
the aforementioned steps shown in FIGS. 6A to 6C. The
three sheets of the thin wooden boards 41 are laminated
together as shown in FIG. 6D such that the through-holes
41a thereof vertically overlap each other. Herein, the thin
wooden boards 41 are mutually laminated together such
that the wooden fiber directions thereof cross with an
angle of 120° therebetween.
[0066] Thereafter, similar to the first manufacturing
method, there are provided upper and lower molds hav-

ing Nichrome wires (not shown), between which the three
sheets of the thin wooden boards 41 laminated together
are tightly held and are then subjected to thermal press-
ing. By way of the thermal pressing, the three sheets of
the thin wooden boards 41 are integrally laminated to-
gether to form a laminated structure. Then, the outer pe-
riphery of the laminated structure is partially cut out, thus
forming the diaphragm 1 as shown in FIGS. 2 and 3.
Herein, the through-holes 41a of the thin wooden boards
41 correspond to the through-hole 11a of the wooden
vibrator 11; and the connected portions 42b of the thin
wooden boards 41 laminated together correspond to the
high density portions 12.
[0067] According to the second manufacturing method
of the diaphragm 1, it is possible to demonstrate the fore-
going effects demonstrated by the first manufacturing
method.
[0068] Specifically, due to the formation of the cutouts
42 along the directions crossing the wooden fiber direc-
tions of the thin wooden board 41, wooden fibers are
partially broken by way of the cutouts 42 so that the wood-
en fiber length of the thin wooden board 41 is shortened
so as to increase the flexibility of the thin wooden board
41. This makes it possible for the thin wooden board 41,
which is tightly held between the upper and lower molds,
to be easily shaped without forming wrinkles or lines dur-
ing the thermal pressing. Due to the increased flexibility
of the thin wooden board 41, it is possible to easily form
the diaphragm 1 having a relatively small radius of cur-
vature. Incidentally, the cutouts 42 can be formed in any
directions crossing the wooden fiber directions of the thin
wooden board 41. For example, as shown in FIG. 6E, it
is possible to form four cutouts 42 elongated in directions
inclining the wooden fiber directions with certain angles
therebetween.

4. Third manufacturing method of diaphragm

[0069] Next, a third manufacturing method of the dia-
phragm 1 will be described with reference to FIGS. 7A
to 7D.
[0070] Similar to the first and second manufacturing
methods, there is provided a thin wooden board 51 hav-
ing a flat rectangular shape in plan view, in which a cir-
cular through-hole 51 a is formed at the center thereof.
The thin wooden board 51 has grains aligned in directions
indicated by dashed lines in FIG. 7A. The thin wooden
board 51 is impregnated with a resin.
[0071] Next, as shown in FIG. 7B, the thin wooden
board 51 is partially folded along V-shaped fold lines (see
dotted lines), thus forming folded portions 52b lying along
wooden fiber directions as shown in FIG. 7C. It is pref-
erable that the folded portions 52b be directed in a direc-
tion from the periphery to the center of the thin wooden
board 51. It is preferable that a plurality of folded portions
52b be formed symmetrically with respect to the through-
hole 51 a serving as the center thereof. In order to fix the
folded portions 52b, the folded portions 52b can be sub-
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jected to thermal fusion, or they can be fixed using a
stapler (not shown). Due to the formation of the folded
portions 52b, the thin wooden board 51 is slightly curved
about the through-hole 51a with a certain curvature. In-
cidentally, the folded portions 52b of the thin wooden
board 51 can be formed before the thin wooden board
51 is impregnated with a resin solution.
[0072] Next, there are provided three sheets of the thin
wooden boards 51, each of which is produced by way of
the aforementioned steps shown in FIGS. 7A to 7C.
The three sheets of the thin wooden boards 51 are lam-
inated together as shown in FIG. 7D in such a way that
the through-holes 51a thereof vertically overlap each oth-
er. That is, the three sheets of the thin wooden boards
51 are laminated together in such a way that the wooden
fiber directions thereof cross with an angle of 120° ther-
ebetween.
[0073] Thereafter, similar to the first and second man-
ufacturing methods, there are provided upper and lower
molds having Nichrome wires, between which the three
sheets of the thin wooden boards 51 laminated together
are tightly held and are subjected to thermal pressing.
By way of the thermal pressing, the three sheets of the
thin wooden boards 51 are integrally laminated together
so as to form a laminated structure. Then, the outer pe-
riphery of the laminated structure is partially cut out so
as to produce the diaphragm 1 as shown in FIGS. 2 and
3. Herein, the through-holes 5 1 a of the thin wooden
boards 51 laminated together correspond to the through-
hole 11 a of the wooden vibrator 11; and the folded por-
tions 52b of the thin wooden boards 51 laminated togeth-
er correspond to the high density portions 12.
[0074] According to the third manufacturing method, it
is possible to demonstrate the foregoing effects demon-
strated by the first and second manufacturing methods.
In addition, the third manufacturing method demon-
strates the following effect.
[0075] That is, the third manufacturing method is char-
acterized in that, instead of the cutouts, the folded por-
tions 52b are formed in the thin wooden boards 51, which
are then subjected to thermal pressing; hence, it is pos-
sible to easily form the high density portions 12. Since
no cutout is formed in the thin wooden boards 51, the
wooden fibers are not broken; hence, it is possible to
further increase the strength of the diaphragm 1.
[0076] Incidentally, it is not necessary to form the two
folded portions 52b elongated along the wooden fiber
directions as shown in FIGS. 7B and 7C. For example,
as shown in FIG. 7E, two folded portions can be formed
and elongated in directions crossing the wooden fiber
directions. Alternatively, as shown in FIG. 7F, four folded
portions can be formed and elongated in directions in-
clining the wooden fiber directions with certain angles
therebetween.
[0077] Moreover, the number of thin wooden boards,
which are laminated together and are subjected to ther-
mal pressing, is not necessarily limited to three; that is,
it is possible to use two thin wooden boards or to use

four or more thin wooden boards. Herein, through-holes
(e.g., through-holes 2 1 a, 41 a, and 51a) are not neces-
sarily formed before the impregnation of the resin and
can be formed after the thermal pressing.
[0078] Lastly, the present invention is not necessarily
limited to the aforementioned embodiment and the afore-
mentioned manufacturing methods; hence, it is possible
to realize variations within the scope of the invention de-
fined by the appended claims.

Claims

1. A diaphragm for use in a speaker, comprising:

a wooden vibrator that is formed using a plurality
of thin wooden boards, which are impregnated
with a resin and are integrally laminated together
in a laminated structure having a curved shape;
and
a plurality of high density portions that are elon-
gated in a radial direction from a center to a pe-
riphery of the wooden vibrator,

wherein the wooden vibrator has a uniformly distrib-
uted thickness.

2. The diaphragm for use in a speaker according to
claim 1, wherein the resin is selected from among
an epoxy resin, a urethane resin, a polyester resin,
and an acrylic resin.

3. The diaphragm for use in a speaker according to
claim 1, wherein a resin content of the wooden vi-
brator ranges from 10 weight-percent to 70 weight-
percent.

4. The diaphragm for use in a speaker according to
claim 1, wherein coloring is applied to the wooden
vibrator.

5. The diaphragm for use in a speaker according to
claim 1, wherein the thickness of the wooden vibrator
ranges from 0.2 mm to 0.7 mm.

6. The diaphragm for use in a speaker according to
claim 1, wherein wooden fiber directions of the thin
wooden boards integrally laminated together mutu-
ally cross with a prescribed angle therebetween.

7. A manufacturing method of a diaphragm for use in
a speaker, comprising the steps of:

impregnating a plurality of thin wooden boards
having flat rectangular shapes with a resin;
forming a plurality of cutouts, which are elongat-
ed in directions along or crossing wooden fiber
directions, in each of the plurality of thin wooden
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boards;
integrally laminating the plurality of thin wooden
boards together in such a way that the wooden
fiber directions thereof cross each other; and
performing thermal pressing on the plurality of
thin wooden boards integrally laminated togeth-
er so as to form a wooden vibrator serving as
the diaphragm.

8. The manufacturing method of the diaphragm for use
in a speaker according to claim 7, wherein the plu-
rality of cutouts are each elongated in a direction
from a periphery to a center of the thin wooden board.

9. The manufacturing method of the diaphragm for use
in a speaker according to claim 7, wherein the plu-
rality of thin wooden boards are subjected to thermal
pressing after opposite sides of the cutouts thereof
are respectively connected together.

10. A manufacturing method of a diaphragm for use in
a speaker, comprising the steps of:

impregnating a plurality of thin wooden boards
having flat rectangular shapes with a resin;
forming a plurality of folded portions, which are
elongated in directions along or crossing wood-
en fiber directions, in each of the plurality of thin
wooden boards;
integrally laminating the plurality of thin wooden
boards together in such a way that the wooden
fiber directions thereof cross each other; and
performing thermal pressing on the plurality of
thin wooden boards integrally laminated togeth-
er so as to form a wooden vibrator serving as
the diaphragm.

11. The manufacturing method of the diaphragm for use
in a speaker according to claim 10, wherein the plu-
rality of folded portions are each elongated from a
periphery to a center of the thin wooden board.

12. The manufacturing method of the diaphragm for use
in a speaker according to claim 10, wherein the plu-
rality of thin wooden boards are integrally laminated
together in such a way that the wooden fiber direc-
tions thereof mutually cross each other.
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